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 Abstract 
Abstraction, Exaggeration and Experimental Forms of  
Perspective in 3D Animation 
Nicholas J. Avallone  
Theodore A. Artz 
  
 
 Artists within the Fauvist, Expressionist, and Cubist Movements were intrigued by 
spatial and temporal compression. Portrayal of subject matter through simultaneous exposures of 
multiple perspectives yielded powerful contradictions to the extant codes of post-Renaissance 
art. This perceptual flattening inspired future generations to investigate the potential of a medium 
beyond obvious conventions of interaction between both artist and audience. Beyond the 
painters‟ canvases, cinema (and most notably, animation) grants artists the powerful medium of 
time with which to ply their creative experiments with visual abstraction and storytelling. 
Recently, popular three-dimensional („3D‟) computer-generated feature animated films have 
lacked this form of abstraction.  
            3D modeling and animation packages immediately present an artist with a creation 
environment intrinsic in the concept of perspective. The ways in which the artist views and 
navigates the software environment are through either an orthogonal or a perspective-based 
virtual camera, with lens focal length distortion, film gate aspect ratio, and framing. Because of 
this, one can freely create geometries, objects, characters, and composed scenes as they appear 
similarly in both the real and virtual worlds, with less attention needed on the fundamentals of 
linear perspective, such as foreshortening or multiple-point perspective.  
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This thesis examines the development of an experimental production approach to 3D 
animation using techniques such as abstract and exaggerated perspective, non- linear optics, 
experimental virtual camera controls, and optical illusion. These methods will be the foundation 
of a project that seeks to attain compositional freedom in 3D animation outside of historical 
constraints, which has been traditionally restricted by natural laws of visual perception. The goal 
is not only to develop a unique style meant to push the bounds of “expected” virtual reality (that 
is, virtual representations of physical objects achieving structural and textural similarity to the 
natural world), but enhance the already rich means of animated storytelling as a whole by 
implementing established creation tools in unique ways.  This novel approach involves creating 
controlled child-parent relationships between geometries in a 3D environment and the camera 
that is viewing them. Two considerable results of this unorthodox animation production‟s 
application of complex controls over camera-to-geometry orientations are: 1) Virtual scenes of 
visually-articulate abstracted compositions, and 2) Manipulation of audience perception and 
sensory expectation.  
The proposed animated film is expected to vary in visual comprehensibility, in a way that 
exaggerates the predictable norms prominent in mainstream 3D animation. The result should 
highlight on the potential for more established media such as two-dimensional („2D‟) animation 
to inform decisions made and tools created for modern, evolving media. The effectiveness of this 
radical animation production approach will be evaluated based on the personal assessments and 
observations of myself and other anonymous individuals. Determinations following the 
completion of this project will lead to the clarification of how successfully the completed 
animation performs as an experimental narrative.  
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1.      Key Term 
  
Animatic 
 Simple drawings placed in a sequence to represent the timing and framing of shots for a 
finished film or show.   
 
Blend Shapes 
In Autodesk Maya, blend shapes are 3D objects used as deformation targets for a selected 
base object. 
 
Cluster 
 A deformer in Maya which groups object vertices and applies an alternate set of 
transformation data. Users can adjust the percentage of influence a cluster has over each 
vertex. 
 
Compositing 
 The combination of visual elements from many sources to create a single image.  
 
Constraint  
Constraints are associations between objects in Maya. These associations allow for 
objects to mathematically aim at one another, or translate and/or rotate in a parent-child 
relationship. 
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Cubism 
A 20th century art movement that focused on the decomposition and reorganization of 
elements of a subject by depicting them from multiple points-of-view in a single image. 
 
Deform 
Object deformation is (as it relates to this thesis) the alteration of form or shape of 
elements in a virtual 3D environment. For example, a 3D model of a man‟s face deforms 
as it changes from one expression to another. 
 
Design principle of movement  
Describes the path of our eyes across artwork. Successful execution of movement 
demonstrates a working knowledge of visual repetition of elements, implied action, and 
rhythm (continuous, periodic, or regular alternating repetition in lines) to unify a work of 
art.  
 
Expressions 
In the context of this thesis, expressions are coded commands involving numeric values, 
variables, and functions that are evaluated according to rules set by Mel scripting 
language.  
 
Lattice 
 A lattice deformer surrounds a deformable object with a lattice that you can manipulate to 
change the object‟s shape.  
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Linear Perspective 
A mathematical system for representing three-dimensional objects and space on a two-
dimensional surface by means of intersecting lines that are drawn vertically and 
horizontally and that radiate from one point (one-point perspective), two points (two-
point perspective), or several points on a horizon line as perceived by a viewer imagined 
in an arbitrarily fixed position.        
Mesh (edge) flow 
 Direction of polygon edges on a three-dimensional object that defines the object‟s shape 
and deformation. Poor edge flow results in unnatural folds and stretching on the surface 
of a mesh. 
 
Orthographic 
 View of a three-dimensional object represented in two dimensions, where the axis or 
plane of an object is also parallel with the projection plane.  
 
Passes 
 The process of generating elements of an image from the same source. For example, a 
scene from Maya might include a pass of specular highlights, diffuse color, and casted 
shadows. 
 
Pavement art 
The activity of rendering artistic designs on pavement such as streets, sidewalks, and 
town squares with impermanent materials.  
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Rendering  
Rendering is the process by which a computer converts three-dimensional data into two-
dimensional images. 
 
RGB chromatic identification  
Images that typically depict the colors red, green, and blue as identifying specified 
objects in a 3D scene corresponding with beauty images of objects in the same position. 
These images are useful for selectively altering the pixel value in compositing 
applications.  
 
Rigging 
 Process by which a 3D character or prop is prepared for animation. Rigging involves 
building the foundation for object deformation through virtual joint chains and other 
deformers, and then applying control objects for simplified user interaction.  
 
Set Driven Keys 
At its lowest level, set driven keys are used to form relationships between two or more 
numeric values in the 3D software package Autodesk Maya. 
 
Sub-Division Surfaces  
Unique surface type for creating objects in Maya capable of producing smooth organic 
forms using relatively few control vertices.  
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2.      Introduction 
  
Traditional 2D cel animation has been limited by that which an artist can draw, whereas 
computer based 3D animation provides near limitless opportunities for artists to explore a vast 
variety of methods of expression. For example, where backdrops for 2D animation might 
practically require only a single image, using a 3D graphics package allows for the molding and 
deformation of entire sets, as if they were 3D characters that an animator could pose and 
animate. This thesis asks the questions: 1) How might exaggerated perspective, in conjunction 
with experimental forms of the design principle of movement, affect 3D animation in regards to 
storytelling? 2) What techniques could be explored to accomplish the goals set in place here, and 
3) In what ways might this new animation technique, as a subset of digital media, evolve the 
appreciation of reshaped perspective in the visual arts as a whole?  
Proceeding to answering these questions involves investigating several areas of interest to 
help better inform the concept behind this project. Cubism, first and foremost, serves as an 
appropriate backbone for the concepts and ideas expressed here. Investigation of its complexities 
in dealing with multi-viewpoint subject matter, as well as elegant compositional usage of simple 
shapes, offers an excellent springboard from which to launch new theories and practices 
regarding abstraction and perspective. A firm understanding of linear-perspective theory is also 
necessary to guarantee that any departure from established conventions be well- informed. 
Recently developed digital techniques used to emulate abstractions located within the Cubist and 
Expressionist movements were also explored. Design principles, most notably those in 
consideration of movement and actions, were researched. Finally, examples of abstraction found 
in film and animation are given to provide solid evidence of similar cases in alternative settings 
that ultimately apply to the investigative foci of this thesis.  
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3.      Background Information 
  
3.1 In Douglas Cooper‟s book, The Cubist Epoch, he explains how the cubist movement, which 
had branched off into several sub-movements, was about the decomposition, analysis, and the 
abstract re-construction of a subject‟s components in painting, such that a sense of pictorial depth 
seemingly disappeared from the final product. Each element would be depicted as if it were 
painted from a different vantage point than adjacent sections, while at the same time visually 
intermingling with each other and the background; making it difficult to distinguish where one 
ends and another begins [4].  
The emphasis on multiple viewpoints in a single image, along with the heavy use of basic 
geometric shapes helps to give a cubist artwork its distinguishing quality. Such breeches of 
traditional visual expectations entice the viewer to read deeper into the artwork; especially 
without the luxury of familiar, realistic representative forms to guide the interpretive experience. 
During the Analytical Cubism period, between 1908 and 1912, artists sought to break down 
natural forms into basic geometric components, as shown in Figure 1 with Juan Gris‟ Still Life 
with Fruit Dish and Mandolin [4].  
            This thesis explores the concepts of abstracted representation of natural forms, and 
applies them to 3D animation. A challenge arises when objects, though potentially built for 
abstracted perspective, are inherently perceived through a normal orthogonal perspective camera. 
A single frame is capable of depicting this abstraction; however a shift in perspective would 
reveal the subject matter as solid, static shapes across the elapsing time within an animation. 
With an advance consideration of viewpoint alterations over time, a reasonable proposition is 
that realistic relationships between objects will no longer conform to the laws of perspective 
through the relative maintenance of shape, realistic visual obstruction, and distance from one 
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another. To effectively confront this issue, an animator must ensure that objects in a scene are 
able to dynamically adjust, through skewing and morphing, their orientations to movements of 
the virtual camera. Development of a system attendant to accurate control of objects-to-camera 
orientations is a driving force behind the thesis project, and is regularly incorporated to further 
address the points made in this paper.  
  
 
Figure 1 
Still Life with Fruit Dish and Mandolin 
 
3.2.1 Though Andrew Glassner mentions the use of synthetic images to achieve unusual optic 
perspectives, his technical report focuses primarily on what he calls the “cubist camera”.  This 
tool simulates the cubist approach of depicting real world objects from a multitude of 
perspectives in a single image. By imitating a chain of virtual cameras placed side by side around 
a subject in a 3D graphics package such as 3DS Max, and sampling a thin slice from each 
camera during the render, the resulting single frame depicts an image built from a wide range of 
perspectives, rather than a single camera‟s perspective. The effect would be similar to seeing the 
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famous “bullet time” sequence from The Matrix (shot using a fixed physical set up of 100 still 
cameras surrounding and pointed at the central target‟s motions, all shooting simultaneously) 
happening on screen from all angles simultaneously within one frame. A similar concept can be 
seen below in Figure 2, containing hand-drawn image depicting a bear and salmon through 180 
degrees of observation. Figure 2 also includes other examples of how this technique might be 
used [5]. 
 
Figure 2 [5] 
Sketched versions of the result of Andrew Glassner‟s “cubist camera”  
  
Obviously, the visual effect varies in how clearly recognizable shapes are represented 
across different setups. Even as pixel resolution is maintained, the comprehensibility of final 
images is contingent on the path of the virtual camera chain, the total cameras in the chain, the 
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aspect ratio of the final image, and the camera distribution density (points where the cameras are 
further apart and closer together) throughout the chain. Portions of the chain that cover a small 
area with a dense camera distribution results in imagery that is less distorted than what larger 
areas with lower distribution would produce. Several issues arise because of this distortion, 
however. For example, if a scene requires a visual connection between two characters or objects, 
traditional cinematography techniques might encourage the use of a series of cuts, a split-screen, 
a two-shot, or focus on one character‟s point of view. A goal of the cubist camera is to introduce 
a new way of recording a scene that not only depicts both characters in the same shot, but also 
maintains the space between them [5]. Though sound in theory, the resulting distortion, due to a 
large distance between characters, may render the shot distracting or incomprehensible. Even if 
both subjects are clear, other distortion may lead to unintended emotional reactions from the 
audience. Shapes and forms reminiscent of objects encountered in corporeal space work to 
familiarize a viewer with imagery presented to them in a scene. With the guidance of these 
familiar objects, an audience can assume characteristics of surrounding imagery. Just as 
problematic is that too much distortion in the character‟s appearance breaks their appeal as 
recognizable entities, making it difficult for the audience to relate to them.  
This technique suffers by remaining bound by the laws of physics. Any abstraction or 
unintentional distortion of imagery is still based on characters, environments, and props built 
while using a single perspective camera. Each component of the scene maintains its relation to 
the other components, regardless of which camera is recording the image. A goal of this thesis is 
to implement full control of distortion over time, as an advantage towards improved user 
translation of intended visual composition. Controls which allow for shape deformation of both 
characters and objects in a scene provide a wider range of artistic expression than Glassner‟s 
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method of passively viewing a scene from multiple angles simultaneously as opposed to shaping 
the scene directly. 
 
3.2.2 Video Cubism [10] experiments with new rendering tools for video footage. The work 
presented is inspired by the Cubist and Futurist art movements and how artists from each period 
interpreted space and time. By breaking up video data into separate components containing 
information such as location, orientation, and color, the system is capable of reconstructing 
images that mimic the style of cubist painters. Because these calculations are taking place on 
video frames, the resulting imagery can be played back in a logical sequential order, similar to 
how traditional films relay their content to preserve narrative clarity. However, this rendering 
technique considers the entire video as a “three-dimensional cube of data”. Doing so enables it to 
compile components of images from all points in the video sequence, and place them into one 
frame in the resulting video. A painterly example of this temporal thought process can be seen in 
Duchamp‟s Nude Descending a Staircase, where the subject is depicted as existing in multiple 
points in time. The resulting effect of Video Cubism can be seen in Figure 3, where each slice 
begins from a different point in the source video, inherently depicting a scene from multiple 
perspectives over time. The process takes place after image content has been created. Video 
Cubism relates the process to other non-photorealistic rendering (NPR) techniques that attempt to 
mimic impressionistic art styles and media including watercolor, pen and ink, and engraving. To 
attain certain appropriate qualities that this thesis hopes to realize, content will need to be created 
with abstraction integral to the 3D modeling, before the rendering process even begins. Having 
more control in the earlier stages of production allows for a higher dynamic range of 
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compositional possibilities, where abstract visualizations stemming from 3D models capable of 
controlled abstraction. 
 
 
Figure 3 [10] 
Still image examples of video being filtered through the Video Cubism system.  
 
3.2.3 A main theme behind the Directing Gaze in 3D section of Thomas Akenine-Moller‟s book 
Rendering Techniques 2006 involves “stylized focus”. This term describes the application of 
centuries old artistic techniques (adjustment of contrast, color, line density, etc) to the rendering 
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of 3D models. The desired result is control over the viewer‟s gaze, effectively moving the eye to 
specific portions of an image in a predetermined order. One example given is the use of rack 
focus in film to draw attention from one part of a scene to another, a technique which is used as a 
model for the system demonstrated in Directing Gaze in 3D.  [1].  
By exploring these methods of gaze manipulation, and pushing the boundaries of what is 
visually acceptable or incomprehensible, this thesis attempts to lay a foundation for future 
projects seeking to mimic the style and theme represented in the corresponding project. Such 
unique approaches to conventional 3D animation tools demonstrate the potential for new 
investigations into the animation process. In addition, the unfamiliar types of visual antagonism 
experimented with in the thesis animation should encourage future studies of directing focus 
using this type of imagery as a subject.  
The second concept discussed in Directing Gaze in 3D is the “stylized focus pull” [1]. 
Regarding level of detail, the idea employs animation tools to manipulate the location and 
amount of abstraction over time. One exemplification in Akenine-Moller‟s book involves a 
concept similar to a shift in depth of field, but in a way which only affects line weight. This, used 
in conjunction with a method that regulates a color‟s saturation based on scene depth and user 
input information, allows for a successful method of directing a viewer‟s gaze.  
Digital Web Magazine gives examples of other methods for directing an audience‟s 
attention through the design principle of movement and rhythm. Rhythm is described as a 
repetition of elements across an image with definite intervals between them. Figure 4 shows 
examples of different types of visual rhythm. These patterns are capable of depicting direction, 
speed, and progression of forms. Implied actions performed by portrayed characters and/or 
environment objects also tend to influence the overall “direction” of an image. The use of line 
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and shape in these ways bring life to compositions that would otherwise be perceived as 
stagnant. [14] 
   
Figure 4 [14] 
Basic examples of the design principle of rhythm.  
 
Though the examples explained in Thomas Akenine-Moller‟s research succeed in 
manipulating eye movement across a screen, they are primarily based on the output of rendering 
techniques; visual assets generated after a geometric model has been completed. An additional 
goal of this thesis is to achieve abstracted perspective through a variety of methods including 
directed exaggeration in element design. Both exaggeration and abstraction need to be designed 
into each character, prop, and set, such that individual models can be controlled by an animator, 
or by a camera‟s movement. The artistic use of these techniques has the potential to widen the 
spectrum of cognitive study described in Directing Gaze in 3D, in which support solutions 
through direct object manipulation are not explored. By approaching focus control from the 
object level, new opportunities in image manipulation for structural composition arise.  Figure 5 
demonstrates how color value and shape repetition were combined in the thesis animation. In an 
attempt to move a viewers gaze from the top left of the image to the bottom right, contrasting 
brightness conjoined with repeating shape elements were composed specifically to achieve the 
desired effect. Similar methods were employed throughout the rest of the animation.  
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Figure 5 
Screenshot from the thesis animation demonstrating use of contrasting brightness in combination 
with repeating elements in an attempt to direct viewer gaze from the upper left of the image to 
the bottom right.  
 
3.2.4 Optical illusions play an important role in development of this thesis project. Similar to 
cubism‟s method of delivery, the animation produced as a result of this research will be 
displayed traditionally through a two-dimensional medium. The inherent perspective limitation 
of a flat display creates opportunities for optical illusion. R. L. Gregory‟s Perceptual Illusions 
and Brain Models [6] mentions the Ponzo Illusion, which describes the effect shown in Figure 6. 
The pair of converging lines distorts a viewer‟s perception of the identically sized horizontal 
lines. Street artist Edgar Müller, uses the assumption of fixed perspective to create vast 
landscapes that appear to extend either above or below the surface they were painted on. Figure 7 
demonstrates how one of his paintings is perceived from the intended viewing angle (left) and an 
alternative angle (right).  
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Figure 6 
The Ponzo Illusion demonstrates how two converging lines distort human perception of the identically sized 
horizontal lines. 
 
 
Figure 7 
Pavement artist Edgar Müller, uses the assumption of fixed perspective to create vast landscapes that appear to 
extend either above or below the surface they were painted on 
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Throughout production of this thesis, the basics of the Ponzo Illusion and other 
perspective based techniques were utilized to force elements to be perceived by the viewer to be 
at a designated distance away from the camera. Similar to Müller‟s work, a scene from the 
animation from an alternate virtual camera framing not intended by the artist would be difficult 
to comprehend in that context. By scaling and distorting objects within a scene, false 
perspectives built for a specific camera angle are possible.  The advantage of this opportunity 
reveals itself primarily in spatial freedom. A traditional set built for multiple shots is hindered by 
the physical space of that set. Individual shots naturally limit visibility into a depicted 
environment. By building unique sets specific to the current viewing camera into the virtual 
world, size and placement for all objects can be adjusted within that compositional context; 
effectively controlling natural perspective. Figure 8 demonstrates this method in the context of 
the thesis animation. 
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Figure 8 
The above image demonstrates the same scene from the point of view of the final camera angle  (top), and an 
additional camera angle depicting the distorted set pieces used to achieve the final composition (bottom).  
 
 
3.2.5 In her book, “Picture This: How Pictures Work ,” Molly Bang talks about building visual 
compositions. She describes the process as utilizing the context of images to evoke emotional 
reactions. Through the simplicity of her examples, she demonstrates a basic structure of 
responses to specific imagery. For example, a red triangle amongst tall black rectangles against a 
white background could be read as Little Red Riding Hood in a forest (Figure 9). Changing 
proportions, colors, and angles of these elements has a dramatic effect on what a viewer 
interprets emotionally. [2] Bang‟s work proves the human inclination to interpret the simplest of 
objects as emotionally relatable.  Cross-cultural symbols repeatedly show a commonality in their 
geometric simplicity. The “No symbol” or “prohibition sign” (Figure 10) for example 
demonstrates its meaning by occluding a portion of a symbol which represents the action that is 
to be prohibited. Exercising a technique of foreground and background relationships immediately 
delivers a large amount of information with a simple visual cue. This research has helped 
manage the thesis animation by similarly presenting recognizable forms through abstract 
representation. 
 
Figure 9[2] 
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An image from Molly Bang‟s book Picture This: How Pictures Work  demonstrating how simplistic objects  can 
effectively evoke emotional responses. 
 
 
Figure 10 
Universal “prohib ition sign” 
 
3.3.1 The 1920‟s film The Cabinet of Dr. Caligari was most revered for its use of abstract 
imagery in set design and background elements. Each scene, though visually and spatially 
inconsistent with other scenes in the rest of film, stands alone as a powerful work of art. Sets 
were built and placed decisively, based on where the camera was to be filming for a particular 
shot. The result is a highly controlled and artistic visual composition on a shot-per-shot basis, an 
example of which can be seen in Figure 11 [3].  
The sets, though interesting and dynamic in their design, are physically static and 
unchanging throughout the film. Highlights and shadows were painted directly onto set pieces, 
mostly to compensate for a lack of proper lighting equipment due to budget limitations. In 
addition, similar to many films of the era, the camera remained stationary in each shot [12]. If 
perhaps the film allowed for panning shots, the abstract sets could be extended/manipulated as a 
means to strategically reveal or hide elements in a scene. The obliqueness to reality could have 
been maximized with false perspectives revealed or maintained once a camera has moved from 
its initial position. Part of what this thesis addresses is an experimental form of storytelling 
utilizing a combination of abstraction and camera movement.  
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In an attempt to rationalize the abstract visuals present throughout most of the Caligari 
film, the end of the story reveals that the entire experience had been manifested from the 
subconscious of an asylum inmate. This plot point may be one of the weaker attributes of the 
film as a whole, but it does not compromise the strong visual storytelling.  
 
 
Figure 11 [3] 
Image from the film The Cabinet of Dr. Caligari 
  
3.3.2 This example from the film Indiana Jones and the Last Crusade (Figure 12) demonstrates 
the use of perspective-based storytelling. In the scene, Indy arrives at what appears to be a large 
chasm impeding his progress as he attempts to reach his father. What he eventually discovers is 
that the bridge spanning the chasm has been camouflaged in such a way as to mimic the texture 
behind it when looking at it from where Indy was standing.  In order for this effect to work the 
way the director intended, and within the bounds of traditional cinema shot progression, the 
camera had to see what Indy was seeing regardless of the shot angle. Realistically, the laws of 
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normal perspective dictate that any movement from the camera‟s point of view would reveal 
objects closer to the camera (in this case, the bridge) as moving faster than objects further away 
(the back wall of the chasm). Up until the final reveal, all shots of the chasm suggested that no 
bridge was realistically present. This is a subtle example of abstraction in perspective used to 
enhance the way a story is told. A large part of what this thesis project investigates is reliance on 
perspective-based visual storytelling for the sake of improved coherence and emotional impact. 
[9] 
 
 
Figure 12 [9] 
Images from the film Indiana Jones and the Last Crusade showing the use of single perspective as a storytelling 
device. 
  
3.3.3 Frank Thomas and Ollie Johnston, professional animators during the 1930‟s up through the 
late 1990‟s, speak about the Twelve Principles of Animation, all of which contribute to the 
development of believable characters in both 2D and 3D animation. One of the principles they 
touch upon is the idea of exaggeration. Used in this context, exaggeration refers to the 
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elaboration of actions performed by characters ultimately used to enhance portrayal of an 
emotion or idea intended by the animator. The principle covers the importance of manipulating 
caricature of realism to achieve appeal while still maintaining an affective level of believability. 
This too can be applied to many elements of animation, including character, object, and set 
design [16].  
As mentioned in Glassner‟s article, 2D animation employs a technique for creating and 
utilizing painted backgrounds that allow for the camera to pan across a large, warped image in an 
attempt to simulate a complex camera move [5]. Figure 13 demonstrates two examples of this. 
The warped perspective of Carel Fabritus‟ A View of Delft, with a Musical Instrument Seller’s 
Stall, would also fit this description.  
 
 
 
 
Figure 13 
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An example of a warped background image used to simulate a complex camera move in 2D an imation (top).  
A View of Delft, with a Musical Instrument Seller’s Stall (bottom).  
 
 
Simulating a camera move by redrawing each frame of a painted background in such high 
detail would be impractical, and is typically avoided. But because the warped background 
technique is so widely used, it has become clear that some of the earlier limitations of 2D 
animation are now being capitalized upon as an intentional style, and have become synonymous 
with traditional animation. Modern 2D animated television programs such as Genndy 
Tartakovsky‟s Samurai Jack [17] and Butch Hartman‟s Fairly OddParents [7] both push this 
abstraction to extremes without visually convoluting their subject matter beyond recognition. 
This type of stylistic approach can be seen not only in the background elements, but also in 
major foreground elements as well.  
Take notice of both cylindrical objects that Jack is holding in Figure 14. They are 
abstracted to the point of non-conformity within the rules of perspective, given the fact that these 
objects are not inherently shaped this way in the context of the episode. If the artist were to 
follow the rules of simple perspective, the top and bottom of the object would maintain a similar 
elliptical shape, which is not the case here (as indicated). Essentially, both cups are shown as 
though geometrically compiled from a collection of perspectives. If the aforementioned “cubist 
camera” were to be used as a workable example, then one might imagine a string of cameras; the 
first of which is pointed directly at the side of the mug, the next few moved slightly upward and 
tilted downward (showing more of the opening in the mug), and the last pointed in the identical 
direction as the first. The image of only the mug and cup would then be built from bottom to top 
using that camera string. Notice how Jack and the hilt of his sword are unaffected by this 
abstraction, and in fact seem to conform to a different set of rules entirely.  
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Figure 14 [17] 
Image from the television series Samurai Jack  depicting its use of abstract imagery.  
  
There are many ways to produce this type of imagery in 3D; one of course would be 
using the “cubist camera” mentioned above. Another, however, might be to build these objects in 
parts, each individually manipulated in direct relation to the camera. The mug, for example, 
might be built from bottom to top until the uppermost metallic ring. The top piece would then be 
modeled in a similar shape as to what is seen in Figure 14. To maintain abstraction and 
consistency, as the object moves through space, the top component would then be made to rotate 
on its y-axis independently from the rest of the object (while maintaining the same x-and z-axis 
rotation as the rest of the mug), forcing the dip of the mug to always point at the camera. This 
would result in a similar image to what is shown above, as well as offer the added potential for 
rotation and movement in a 3D environment. A primary goal is to maintain a consistent look and 
shape on a per-object basis while still suggesting that the object exists in three dimensions, 
thereby facilitating a viewer‟s extraction of meaning.  
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3.3.4 Day and Night is a short film directed by Teddy Newton for Pixar Animation Studios 
involving two characters that represent the world from different periods of time: day and night. 
The characters themselves are drawn using 2D animation, while their forms act as a window into 
3D environments and characters (Figure 15).  As the 2D characters move across the screen, the 
world seen within them moves or remains static, independently. Similar techniques can be found 
in animated cartoons such as Gankutsuou: The Count of Monte Cristo [11] and C.H. Greenblatt‟s 
Chowder [8].  
 
 
Figure 15 
Image from the Pixar short film Day and Night demonstrating a unique texturing method for animated characters. 
 
 
The separation of shape and texture demonstrated in these examples proved to be a viable 
alternative for applying texture to objects for the animation developed for this thesis. Unlike the 
example seen in Day and Night, the elements occluding the background were built in 3D, and the 
static images were produced in 2D. 
 
25 
 
4.      Procedure  
   
Development of this thesis project followed established conventions as far as animation 
production pipelines are concerned, with perhaps more emphasis on pre-production. Before 
content is generated specifically for the final product, preparation materials such as sketches, 
storyboards, and technical tools are necessary to properly plan for later stages of production. 
Figure 16 represents a comparison between common established animation pipelines and the 
manner in which final visual assets are designed and developed for this thesis. In addition to this 
project‟s production needs for a wide range of user control, plans for each individual shot were 
precisely developed. As noted in the Samurai Jack example, abstraction can lead to spatial and 
physical inconsistencies on a shot-per-shot basis. While in this case a desired outcome, set up in 
a 3D environment for such non-conformity required extra attention in the earlier stages of 
production. An animatic that clearly represents the desired timing and fundamental co mposition 
for each shot was an invaluable tool as production progresses. In addition, designs for characters, 
props, and sets required creation of versions from multiple angles to eliminate any trial and error 
that might have occurred during the modeling phase. 
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Figure 16 
Pipeline comparison between established conventions and the method used for the thesis animation.  
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4.1 Using Figure 14 as a proof of concept, the initial production steps taken reflect the 
hypothetical breakdown of the earlier mentioned Samurai Jack example. To begin, a simple 3D 
mug was built in Autodesk Maya as three parts: the handle, the upper lip, and the body. Both the 
handle and top component of the mug were placed underneath a null object in a hierarchy, 
allowing the application of constraints and expressions without affecting the base geometry. 
Using an aim constraint, this null object was pointed at a selected camera, and set to rotate 
horizontally, only along the y-axis. This mechanism ensured that one side of both the handle and 
upper mug component always faced the viewing camera. While producing a successful result 
when the camera is limited to a horizontal plane, this setup ignored vertical translation and 
rotation. Maya‟s lattice, cluster, and expression tools (see expressions) were used to address this 
issue. The lattice tool was used to deform designated polygonal meshes by creating an 
encompassing box for a user to manipulate.  Clusters, which are used to group vertices of an 
object, have their own transformation data. By exploiting this advantage, portions of a lattice 
could be grouped together for either manual or camera influence. Expressions were then written 
and applied to form a connection between the camera and the cluster controlling the upper half of 
a lattice encompassing the mug. An example of these expressions can be seen in Figure 17. This 
script forces the cluster to react to the cameras position, results of which can be seen in Figure 18 
. 
 
cluster1Handle.translateX = -.05*(camera1.translateY) + (.05*camera1.rotateX); 
cluster1Handle.translateZ = -.2*(camera1.translateZ)*(-.03*camera1.rotateX); 
cluster1Handle.translateY = -0.08*camera1.translateY 
Figure 17 
Expression used to form connections between the viewing camera and the controller influencing deformers on an 
object. 
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Figure 18 
Screenshot taken while testing methods of object distortion via camera control. The top portion demonstrates camera 
motion in the Y d irect ion, while the bottom portion shows camera motion in the X and Y direct ion.  
 
Other attempts at representing the example seen in Figure 14 used the aimed null object 
to activate iterative blend shapes at specific viewing angles. Blend shapes are 3D objects used as 
deformation targets for a selected base object. This method, though functional, proved to be 
impractical. Maya‟s blend shape tool uses an additive computation, which builds one shape off 
of other shapes already applied to the base mesh. An undesired effect is a result of two or more 
shapes applied simultaneously. The mug object would require both a high resolution polygonal 
mesh, and the generation of a substantial number of transition objects before producing an 
acceptable result. Though inefficient for this situation, using blend shapes proves effective in 
other examples. For instance, if certain components of a character only require a small amount of 
unique specific shapes for specific angles, the direct correspondent vertices-to-vertices 
transformations inherent in object blending would be a logical choice for handling the 
deformation. 
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4.2.1 The visual qualities and uniqueness of techniques discussed in this thesis served as a 
jumping off point for the initial story concept. By using pictorial distortions as a storytelling 
device, abstract intellectual concepts can be compellingly depicted to an audience. For example, 
linking abstraction to a character‟s perception of reality allows a storyteller to segment a plot into 
several visual and conceptual framings. Color, shape, and motion extrapolated from an artist‟s 
personal choices can represent emotional states, level of comprehension, and rate of awareness in 
a character through the use of regulated and selective abstraction over time. Possibilities such as 
these reveal themselves when considering this as an alternative to conventional storyte lling 
methods such as through dialog or facial expression. This project relies on these methods as a 
guideline, taking advantage of the unique storytelling potential inherent in abstracted 
visualization.  
The initial story for the animation involved an abandoned factory where a lone robotic 
arm has been attempting to complete its job assembling components to an unknown product. 
Events at the beginning of the story were highlighted by the cubist visual style described earlier 
in this thesis. These themes represented the robot‟s perspective as being fractured, incomplete, 
and disorganized. Through seeing itself in a reflection, the robot discovers self awareness, which 
prompts a transition in visual perspective, shifting to a more traditional representation of reality. 
The means through which the robot achieves self awareness varied from a series of unlikely 
events to the reception of aid from other characters. Storyboards describing a portion of the story 
can be found in Figure 19. 
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Figure 19 
Excerpt from storyboards illustrating the initial narrat ive investigated.  
 
While experimenting with the multiple approaches to camera-based distortion for 
characters, props, and environments, it quickly became apparent that incorporating these systems 
into the proposed story would not be feasible within the allotted thesis development time frame. 
Most of the difficulties were revealed during preparation of the perspective-shift that occurs at 
the climax. An effect containing the amount of detail necessary for continuity and narrative 
clarity would require an unreasonable amount of time spent in the early stages of production. 
Objects in the scene would need to be created as if intended for traditional 3D animation, and 
then altered to match distortions affective for each shot.  
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Constraining a 3D model to constantly maintain a realistic shape presented limitations 
that conflicted with themes proposed in this thesis. As mentioned in the analysis of the “Cubist 
Camera” example, building abstraction from real world objects restricts artistic interpretation and 
expression to the system that distorts the elements in a scene. Completion of the alternate 
animation, fully attendant to the present thesis, has shown that stronger results (more clearly 
depictive of artistic compositional intentions) can be achieved when object‟s mesh flow is built 
with intrinsic potential for abstraction.  
Though presenting both styles within one animation had its benefits, such as clearly 
presenting the style explored in this thesis against traditional 3D animation, the story changed for 
other reasons as well. One focus of this thesis is the development of bonds between visual 
abstraction and storytelling. The visual style of this unique piece should not be treated as a 
replaceable component. Instead, the narrative relies on particular elements to be illustrated and 
manipulated in deliberate ways. Having part of the story depicted entirely in a traditional manner 
did not add anything substantial to either the plot, or to this thesis. When considered as a whole, 
the concept emphasized a positive bias towards the normal space perspective, such that it acted 
as the “reward” for the main character. While indeed, elements are to be composed abstractly for 
the audience's benefit, this thesis did not intend to explore a character‟s awareness of the visual 
abstraction. Another story was investigated.  
Analysis of what had been developed up to this point revealed a need to modify the 
proposed content to better suit the core perspective manipulation ideas. What resulted was a list 
of essential components including the need for a robot lead character, an inorganic setting with 
strong examples of linearity and angularity to manipulate, and iconic imagery. Characters with 
multiple parts presented more opportunities than organic single-component characters to exploit 
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abstract deformation. Robotic components typically exhibit qualities of geometric angularity, and 
therefore fit well into notions of abstractions expressed in this thesis. A combination of these 
essential story components would provide an excellent foundation for depicting abstracted 
perspective as well as composition over continuity.  
 
4.2.2 The alternate story takes place in an expansive field of railroad boxcars, where a lone 
shepherd robot guards the empty containers diligently; just as a scarecrow might guard a crop of 
corn. To this robot, even the smallest and seemingly harmless intruder threatens the tranquility it 
was programmed to protect. Storyboards for this sequence can be seen in Figure 20. 
The addition of a small bluebird supplied this new story with a solid conflict and 
opportunity for distinct contrast, both visual and narrative. The bird and robot characters affect 
this strong contrast through their color, size, and texture, which sets them apart as iconic figures 
in the world depicted by the animation. This is a large improvement over the first story‟s single 
protagonist, which lacked a distinctive identity. Design of the new characters was purposefully 
exaggerated, and controllably contributed to the abstract artistic direction intended for the entire 
piece.  
After the characters in a scene were animated, components of the story environment were 
placed with foresight into how each element would face and move in relationship to the camera; 
a shot considered complete when (the artist‟s) visual organization illustrated a rational clarity of 
ideas, such that a shot‟s intent was unmistakably represented. Strong composition, 
comprehensible animation, and appropriate color selection were all contributing factors to an in-
production shot‟s level of completeness.  
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Figure 20 
Excerpt from storyboards created for the narrative used in the final animat ion. 
 
 
4.3 To best incorporate the lead character into an appropriate setting, the robot‟s design was 
based on historical locomotive trains. Signature characteristics of this particular mechanical 
aesthetic are especially obvious in the design of the exaggerated chest and sternum areas, as seen 
in Figure 21. The small head and large body were chosen to represent a lesser emphasis on the 
robot‟s intelligence, and more on its dedication to a duty directive. The large arms and small legs 
were also meant to contribute to the character‟s purpose as an immovable sentinel. Again, much 
of the look development was guided and influenced by an assumption that the end result would 
at times be stretched and contorted. Exaggerated body parts that visually explained the 
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character‟s personality in an animation absent of spoken dialog were therefore an acceptable 
design decision based on the nature of this thesis.  
Adobe Photoshop was used to create the concept image for the lead character. To best 
represent the final vision of the project, linear and angular shapes were used abundantly. The 
robot‟s eye, chest element of the same color, and small rivets were some of the only components 
restricted to curved edges. To add an overall level of cohesiveness to the character, textural 
details were overlaid that spread across multiple components. Doing so added the additional 
detail which would eventually spread consistently across most elements in animation.  
 
 
Figure 21 
Concept art of the robot character. 
 
The repetitive, angular elements inherent in an environment strewn with boxcars 
provided an excellent opportunity to manipulate linear perspective. Converging lines formed by 
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railroad tracks were directed against expected perspective, with a priority focus on composition 
rather than realism. This became an excellent tool for directing viewer attention. Elements of a 
scene could be compositionally highlighted by manipulating the direction and orientation of 
implied lines created by geometric objects existing in portions of a set. For example, grouping 
railroad tracks around compositionally important visual cues such as a major character became 
one of the common practices in abstract linear perspective manipulation while conceiving 
individual shots.   
 
4.4 With a coherent character design established, the modeling and rigging phases could begin. 
Placing these two parts of production together was necessary when considering the nature of the 
project. For example, if perhaps an object needed to change shape in relation to the camera, a rig 
was created to control variable geometric distortions. Everything in a scene must be able to 
shape-shift (see deform), as per compositional requirements, from linear-perspective 
conventions. Again, to save time on unnecessary rigging, a comprehensive understanding of 
scenery and character action in each shot was essential.  
Translating the character from a 2D concept drawing to a 3D representation was 
effectively informed by the flat shapes in the design. A challenge presented itself when 
establishing each component was able to shift and rotate appropriately in relation to surrounding 
components. The eye, chest component, and hip joints were first built as convex 3D objects. This 
produced a spherical shading gradient, which did not match the overall aesthetic of this project. 
Alternatively, flat circles were used that would eventually aim at the camera, preserving the 
illusion of a sphere while eliminating the gradient (Figure 22). 
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Figure 22 
A comparison of shaded spherical elements to the preferred method of flat, curricular objects designed to constantly 
face a viewing camera. 
 
The circular chest piece was moved behind the rib components, to make it less 
prominent. Some detail elements such as the slits in the upper portion of the chest were removed, 
single hinge joints were added to the elbows, and a wrist object was added to the forearms. The 
character was built from many different components using only four sided polygonal faces. This 
was to maintain a clean mesh flow yet remain unconcerned about sub-division surfaces; 
especially when the scene no longer required a shift to normal perspective. A common issue 
found in 3D animation is the unintentional intersections of two or more objects. The hard edges 
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produced by this occurrence are traditionally undesirable in 3D animation. The project‟s 
aesthetic however welcomes hard edges, thus some intersecting parts were acceptable.  Areas on 
the character such as the shoulder and elbow are prime examples. The arrow in Figure 22 
indicates the resulting edge after two objects in Maya penetrate one another (where the black 
objects make contact with the gray objects). Hard edges defined the boundaries of each 
component regardless of whether or not the object is a single mesh or an exposure of intersecting 
objects' geometries. 
   Certain steps were taken during the rigging process to prepare for future manipulation of 
objects and characters in the scene. The lead character, for example, was an assemblage of major 
components that would be controlled by a virtual skeleton, which could then be controlled by 
viewport objects, or the rig's control objects invisible in a final render. This hierarchical control 
setup allows the addition of controls to the geometry itself, while still allowing joint-based 
control over the entire character.  
 Several issues arose while rigging the character. The robot‟s design restricted up and 
down shoulder and clavicle motion, so set driven keys were used to constrain and specify 
movement of the upper arms. Doing so helped to avoid unwanted intersection and artificially 
increase the joints range of movement. More issues were discovered after test-animating general 
actions. For example, the character‟s eye had to align perpendicularly to the camera. In real-
space, this meant the circular object of the eye needed to rotate on its own axis as either it or the 
camera moved. To prevent the eye from disappearing into the head as it maintained its aim, and 
to compensate for changing the scale and forward position, controls were added. In addition to 
this, several controls were added to manipulate sub-components of larger groups in an attempt to 
limit unwanted intersection. 
38 
 
 Additional rigs for controlled distortion based on camera position were implemented after 
the character was animated for a particular shot. Knowing  Knowledge of the character‟s position 
in a scene for every frame of a shot helped drive certain shape manipulations. These conscious 
decisions were based on occasional “artistic” interludes, in an effort to maximize the success of 
the piece through visual and story comprehensibility. Using separate cameras for each designated 
shot in the animation also required reconnecting deformation control objects to the new camera 
object. The building of an all purpose deformation rig would have not been practical under these 
circumstances. 
 
4.5 Applying texture to polygonal objects in a 3D software package is typically handled through 
a process of unwrapping each object in a scene, and using other software to paint colors and 
details onto the flattened result.  The extreme distortion occurring in every scene of the proposed 
animation would result in technical issues such as unwanted texture stretching. An alternative 
method that ignored an objects deformation had to be built and utilized.  
 Textures in the 3D space were broken up into three distinct materials. Initially, these 
materials are represented by three separate colors: red, green, and blue. Each material included a 
layer of painted detail in addition to the solid colors. These details would maintain their spatial 
relationship to the shapes on which they are applied. The solid colors would eventually be 
removed and replaced with flat patterns and textures. To help distinguish objects from one 
another, the darkness and lightness that naturally occurs on each facet of a 3D object with a light 
source is maintained.  
The first attempt at replacing colors involved using a chroma-key technique to remove a 
specific range of color from images rendered out of Maya. This process proved to be inaccurate, 
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and the result varied from image to image. A consistent pipeline that would work in all cases was 
required. 
 
Figure 23 
Screenshot of a node network responsible for rep lacing RGB color values with flat texture p lates during the 
compositing process. 
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The next attempt involved applying only the three primary colors (red, green, and blue) to 
similar groups of elements. For example, the lead character would receive one set of colors, a 
specific type of boxcar would receive another, the ground and railroad tracks another, and so on. 
Because the primary colors do not share any shades with each other, the process of replacing the 
color with a texture was straightforward. This method of shuffling image color channels turned 
out to be faster, cleaner, and worked consistently well in multiple cases. Using the software 
Nuke, the compositing script seen in Figure 23 demonstrates the aforementioned pipeline. 
Rendered images from Maya using RGB chromatic identification are piped through three 
separate channels, each representing a different replaceable color. The resulting shapes are then 
used to selectively show or hide portions of static textures. Unfortunately, each image sequence 
out of Maya is limited to these three colors only, which forces individual scenes to be broken up 
into multiple passes to maintain acceptable texture application diversity. These passes are then 
compiled together to form the final image. Figure 24 shows selected example images which 
demonstrate how these final compilations are created. Figure 25 compares the Maya RGB 
images with the expected result after the identification colors have been replaced with the te xture 
plates.  
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Figure 24 
Breakdown of select example images which demonstrate the buildup of rendered components. 
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Figure 25 
Before and after image showing the robot character as rendered out of the 3D application Maya (top) and the 
resulting effect after the primary colors have been replaced with flat textures (bottom).  
 
In some cases, texture orientations were animated separately from their corresponding objects. 
The texture behind the robot‟s staff, for example, was animated with disregard to the 3D object‟s 
scene location, motion, and scale. To this researcher‟s senses, the contradiction of viewer 
expectations affected by the disparate motions is more impactful than the static textures and 
moving geometry. The sometimes jarring result indicated the importance of the object as a plot 
device. Using this technique helped in other situations where an abundance of static textures 
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distracted from relevant actions between characters, their environment, and the viewing camera. 
Disconnecting a texture from a static state added diversity to scenes in risk of visual monotony. 
Because of the repetitive nature of these textures, the addition of motion neither hides nor reveals 
new or substantial information in the occluded image.    
            Remaining stages of production included animation, rendering, and compositing, none of 
which strayed far from standard animation production conventions. Once a texture pipeline had 
been completed, coordination of the animation began; the production guidance of which is 
formed one shot at a time. As each Maya scene was animated, render set up followed. Because of 
the lengthy and non-interactive nature of rendering, time was spent most productively on the 
animation of the next shot in progression. Once all shots were completed, final touches in color 
correction, merging of background and foreground elements, and additional special effects 
during the compositing phase helped move the project into a more pictorially cohesive condition. 
Still images from the final piece can be seen in Figure 26.  
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Figure 26 
Still shots taken from the final an imation.  
45 
 
5.     Conclusion 
 
 Once completed, an evaluation of the accomplished work was conducted to surmise what 
was successful, what was not successful, and why. Production of an animated short film under 
the constraint of a well researched visual goal and informed artistic decisions has provided 
answers to the questions posed during the initial steps of this thesis project . Explorations in 
exaggerated perspective, in conjunction with experimental forms of the design principle of 
movement or rhythm, have shown a benefit in 3D animation regarding storytelling by revealing 
potentially unanticipated compositions through abstracted representations of real world objects. 
By following the example of cubist painters, these methods of 3D animated abstraction exploit 
elements in a scene by portraying them from multiple angles while the overall composition 
remains constrained to a single point of view. In addition, the animation produced based on these 
ideas experimented with exaggerating the position of elements in space established by prior shots 
informed by an artist‟s interpretation of a story‟s clarity.  
Established 3D animation and 2D texturing tools were combined and modified to 
accomplish the goals laid out as a foundation for this project. To fully realize the intended 
aesthetic goals of the thesis, traditionally well-documented production checkpoints needed to be 
approached through unique avenues. A method for applying color and texture that would 
function within the boundaries of constantly deforming geometry is one example of the 
circumvention of an established process frequently used in popular media development. The 
pipeline used to develop the final product succeeded by revealing alte rnatives to standard 
methods of production to achieve a look in three dimensions based on two-dimensional designs 
and inspirations. The intricate methods of object manipulation provided desirable results in the 
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finished animation, however strict time constraints on larger projects would perhaps make these 
procedures inefficient. That being said, automation of this process ignores crucial artistic choices 
in visual direction, a key element to what is incorporated into this thesis. Practically, certain 
procedures used to achieve the final result are not efficient for specific production situations. 
Though there were multiple iterations of the story meant to deliver the abstracted visual style 
through 3D animation, the end results demonstrate the broad range of a new toolset‟s 
effectiveness in clearly portraying an artist‟s abstract interpretation of an imaginary world.  
These production systems reflect a meaningful connection between the narrative message 
of the animation and its support of a highly articulated visual style. The motivation to evade 
habitual production tendencies and explore a unique elucidation of animated storytelling 
parallels the story‟s premise of tolerance and acceptance. The use of linear geometric forms lent 
itself to both the technical achievements which allowed for the project‟s completion as well as it 
did the continuous visual style seen in the final product. Abstracted organic forms would prove 
difficult to manipulate using the method explored for inorganic objects, but subtler uses of 
certain tool combinations share the benefits with organic objects.  
The animation varied in effectiveness in its attempt to harness the dynamic tension of 
attention direction. Though seeking to avoid distracting a viewer‟s visual engagement, some 
imagery presented challenges to their expectations. The contortion of elements animated 
alongside disconnected texture plates caused unnecessary tension at times, distracting the eye 
from intended focal points across an image. Where the effect succeeded was in its cohesive 
textural binding of elements within the scene, and in the clear distinction from elements not 
depicted in the same style. Future projects might encourage stronger contrast and exaggeration in 
shot composition and texture choices to clearly identify points of recognition for an audience.  
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 General feedback from anonymous peers suggests the final product was successful 
through its unique aesthetic depictions of animated elements, though at times the narrative was 
difficult to follow. Some comments regarded static screen shots taken from the animation as 
more successful than the constantly shifting imagery apparent while the sequence is playing. 
When screened in an introductory animation classroom, students were positively receptive to the 
traditionally produced blue bird element, as well as other moments demonstrating an 
understanding of basic animation principles. Though placed online for public viewing on 
vimeo.com (a public, online video repository), no significant or helpful comments were made to 
be worthy of mention here. Most casual observations of the completed animation mentioned 
above corresponded loosely to the expected conclusions derived at the outset of this thesis 
development process. As a means of evolving the appreciation of reshaped perspective in 3D 
animation, the product of this thesis explored untouched storytelling avenues that may inform 
future attempts at expanding methods behind modern visual expression.  
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